Further information is given in Table 1 . 113
Hydrochar sample preparation

114
Hydrochars were produced using a 1 L General Purpose Bench Top Reactor (Series 115 4520 from Parr). The amounts of feedstocks in the respective production runs were 48 g 116 of dried poplar wood chips (105 °C) or 300 g of fresh wet digestate. In order to achieve 117 a dry matter content of 10 %, the reactor was filled each time with deionized water to 118 reach a total mass of 480 g. Poplar was carbonized at 230 °C. For straw digestate, the 119 reactor was heated to three different temperatures (210 °C, 230 °C and 250 °C) using a 120 constant heating rate of 1.7 K min -1 . The temperatures were maintained for six hours in 121 each case. 122
All char samples were prepared in triplicate, except for the runs at 230 °C to study the 123 effect of recirculating the process liquor. In this case, six hydrochars were produced at 124 230 °C, and the process liquor from the previous run was recirculated. To study the last 125 parameter, hydrochar samples with and without post-process washing were produced. 126
The hydrochars were washed by adding 100 mL of deionized water to the filter cake six 127 times. Before further use all the hydrochars were dried at 105 °C for at least 15 h. 128
Determination of the carbon balance of the HTC-process
129
From each run, solid hydrochar, process water and gas were collected, balanced and 130 analyzed. To determine the carbon balance from the HTC-process, gas was collected in 131 a bag and its volume was determined by using an eudiometer. The amounts of CO2 and 132 CH4 were determined using the gas measuring equipment "Geotech GA2000" 133 (Geotechnical Instruments).
7
Carbon partitioning between the phases was calculated using the following equations. 135
The amount of carbon in g C was determined for the biomass and hydrochars using 136 equation 1. Here, msolids denotes the mass of biomass or hydrochar in g DM and 137
x(carbon)solids denotes the measured percentage of carbon on a mass basis. 138 m(carbon)solids = msolids * x(carbon)solids / 100
(1) 139
The amount of carbon (in g C) in process liquor or washing water was calculated as 140 follows: 141
Here, mliquids denotes the mass of process liquor or washing water in g, and TOC denotes 143 its measured total organic carbon. ρ is the density of process liquor or washing water. 144
The calculation of carbon in the gas was carried out as follows: 145 m(carbon)gas = V * M(C) * ( x(CO2)Gas * ρ( CO2)Gas / M(CO2)Gas + x(CH4)Gas * 146 ρ( CH4)Gas / M(CH4)Gas ) / 100 (3) 147
The x describes the measured amounts of CO2 or CH4 in % on a volume basis, M is the 148 molecular mass for C, CO2 or CH4, ρ is the density of CO2 or CH4, and V denotes the 149 measured gas volume. Subsequently, the percentage distribution of carbon was 150 determined. 151
Chemical analyses
152
The pH-value of soil and hydrochar was determined according to VDLUFA I A 5. were set at p=0.001, p=0.01 and p=0.05. 174
Incubation experiments
175
The hydrochars were incubated for 120 d in 125 mL Boston Round Bottles. In total, 176 10 g dry matter of soil and hydrochar was weighed into each vessel. In order to obtain 177 equal conditions, the initial carbon content of the soil was topped up to the uniform 178 value of 1.24 % (twice the soil's natural carbon content) by adding between 90 and 116 179 mg hydrochar and 140 to 979 mg of the feedstock, respectively. Untreated soil was used 180 9 as a control. The maximum water-holding capacity of the mixtures was measured 181 according to Öhlinger (1996) The summarized values, after 120 days of incubation are given in mg CO2-C kg -1 soil 199 (Table 3) Table 2) . 231
Differences were also found in the characteristics of the two feedstocks. So the initial 232 carbon content was significantly higher for poplar compared with the straw digestate. 233
By contrast with this result, the carbon content of hydrochars from poplar was just one 234 percentage point lower than that of straw digestate and did not differ significantly. 235
Another difference between the feedstocks is their ash content, which is higher in the 236 case of wheat straw digestate. Its ash content after HTC is even higher in contrast to the 237 decreased ash content for hydrochar of poplar. Other variations in sample preparation 238 such as washing and recirculating of process water did not result in any significant 239 difference in the composition of the hydrochar (Table 2) . 240
Carbon balances reveal that between 60 and 74 % of the initial carbon is recovered with 241 the solid product and that this recovery decreases with increasing reaction temperature 242 (Figure 1) . Between 18 and 24 % of the carbon input can be found in the process liquor 243 and about 2 to 3 % of the initial carbon could be removed by subsequent washing with 244 deionized water. Approximately 1 to 3 % of the carbon input was found in the gaseous 245 phase. Furthermore, between 4 and 12 % of carbon could not be recovered in the mass 246 balance. 247
Carbon mineralization in incubation experiments
248
The incubation of hydrochars resulted in significantly lower emission rates of CO2-C 249 compared with the non-carbonized feedstocks, straw digestate and poplar (Figure 2a) . 250
After 120 d of incubation, the cumulative CO2-C-emissions from hydrochars were up to 251 11.9 % and are significantly lower than the CO2-C-emissions of the untreated biomasses 252 of poplar and straw digestate at 17.3 % and 22.1 %, respectively (Table 3) . 253
Effect of feedstock
254
Comparing the CO2-C rates of hydrochars from digestate and poplar, it can be seen that 255 the CO2-C rate of hydrochar from poplar is considerably higher up to the 64 th day of 256 incubation ( Figure 2a) . The same can be observed for the untreated poplar by 257 comparison with straw digestate up to the fifth day of incubation. Obviously, poplar 258 contains more readily available organic matter than straw digestate, because this 259 fraction has been digested from the straw feedstock to a certain extent during the 260 anaerobic digestion process. This observation is also reflected in the higher amount of 261 volatile matter in poplar compared with straw digestate, both in the biomass and in the 262 hydrochar produced (Table 3) . At the end of incubation after 120 d, the decomposed 263 carbon already totals 4.31 % for the mix of soil and hydrochar from poplar by contrast 264 with 3.94 % for hydrochar from straw digestate in soil (Table 3 and Supplemental Table  265 1). 266
Effect of process temperature
267
As shown in section 3.1 the process temperature has the largest influence on the 268 elemental carbon content of hydrochars On the other side, the higher the process 269 temperature, the lower the CO2-C emission rates from the hydrochar/soil mixtures are, 270 13 pointing to higher stability (Figure 2b ). Even after 120 d of incubation, these differences 271 are still present as reflected by significantly lower emissions of CO2-C at 230 °C 272 compared with 210 °C. This corresponds with an enhanced degree of stabilization, 273 which is higher than that between 230 and 250 °C. The hydrochar produced at 230 °C 274 emits 60 % less CO2-C compared with the 210 °C hydrochar, whereas that produced at 275 250 °C emits 28 % less CO2-C than the 230 °C hydrochar. 276
Furthermore, the volatile matter reflects the degree of degradability. This decreases with 277 increasing process temperature from 70.3 % at 210 °C to 50.5 % at 250 °C (Table 3) . 278
That indicates less readily available carbon with increasing process temperatures and 279 thus less degradation by microorganisms resulting in lower CO2-C emission rates. 280
Effect of char washing
281
Washing the hydrochars significantly affected the CO2-C emission. Especially during 282 the first days of incubation, the washed hydrochars emitted less CO2-C than their 283 unwashed counterparts. However, after a maximum of 54 days of incubation, no 284 statistically significant differences between the various treatments could be identified 285 anymore. Only one hydrochar, produced at 210 °C, emitted significantly less CO2-C 286 also after 120 days of incubation (Figure 2b) . 287 (Table 3) . This leads to an accumulation of 294 organic carbon in the process water of about 35 % compared with process water without 295 recirculation. 296
Effect of recirculating the process water
One-and two-pool degradation kinetics
297
As reflected in the cumulative amount of gaseous carbon after 120 d of incubation, 298 poplar was less degraded than straw digestate (17.32 and 22.11 % decomposed carbon, 299 Table 3 and Supplemental Table 1 ). The MRT of the one-fraction model seems to 300 confirm this observation with MRTs of 1.6 and 1.1 y, respectively (Table 4 ). The two-301 fraction model, however, delivers better results than the one-fraction model, as can be 302 seen from the comparison of the goodness of fit for the two models expressed by the 303 LSM (Table 4) . With this two-fraction model, which includes a readily available and a 304 fast-cycling carbon fraction, there are differences in the MRT of the two biomasses 305 regarding the readily available fraction. In contrast, the MRT of the fast cycling fraction 306 is almost identical. 307
The fast-cycling carbon pool of the hydrochar is characterized by an MRT ranging 308 between 3.4 and 14.8 y (Table 4) . Apart from this carbon pool, no slow cycling carbon 309 pool was found during the 120 d of measurements, such as is known for pyrolysis chars. 310
Instead, a readily available carbon fraction was found in the hydrochars with very short 311 MRTs between 9 and 26 d (Table 4) . 312 Guo, 2015). Feedstock fiber analysis shows that poplar wood has a higher lignin content 325 than the straw digestate (Table 1) , which also explains the lower degree of 326 carbonization. This higher lignin content of the biomass is also reflected in the 327 incubation studies, because the poplar biomass sample emits significantly less CO2 after 328 120 d than the straw digestate. This behavior changes after HTC and it is observed that 329 hydrochar from poplar decomposes more than that from straw digestate under the same 330 process conditions. Even this difference is not significant (Table 3) . Similar results have 331 been reported for lignin-containing wood powder and holocellulose (cellulose + 332 hemicellulose) by Liu and Guo (2015) . This indicates that the products from 333 hydrothermal treatment, more specifically the polymerization products from 334 carbohydrate hydrolysis, are characterized by a higher stability than lignin. One 335 explanation is that cross-linked phenylpropane units of the lignin polymer have been 336 detached from the cellulose chain at a temperature of 230° C, becoming degradable 337 themselves and making cellulose and hemicellulose deriving from the lignin polymer 338 amenable for microbial degradation. However, further investigations are required to 339 validate these preliminary observations. consequence, it is to be expected that carbonization is enhanced by recirculation of 407 process water. While this is not reflected in the carbon content of the hydrochar under 408 study, the decrease in volatile matter supports this hypothesis (Table 3) . 409 
Discussion
